Abstract. Solar neutrinos interact within double-beta decay (ββ) detectors and contribute to backgrounds for ββ experiments. Background contributions due to charge-current solar neutrino interactions with ββ nuclei of 76 Ge, 82 Se, 100 Mo, 130 Te, 136 Xe, and 150 Nd are evaluated. They are shown to be significant for future high-sensitivity ββ experiments that may search for Majorana neutrino masses in the inverted-hierarchy mass region. The impact of solar neutrino backgrounds and their reduction are discussed for future ββ experiments.
Solar Neutrino Backgrounds
The process of ββ decay from Z−1 A to Z+1 A via the intermediate nucleus Z A is shown in Eqn. 1. Solar νs can produce background to this signal primarily through CC interactions with ββ nuclei. The CC interaction produces background in two ways. First the CC interaction itself can produce a signal (B CC ) given by the promptly emitted e − and, if the resulting nucleus is in an excited state, a number of γ rays may be emitted as the nucleus relaxes to its ground state. Second, the resulting nucleus Z A can then β − decay to Z+1 A by emitting a single β − ray and possibly also γ ray(s) if the residual state is an excited state (B S B ). The interaction and decay schemes are shown in Fig. 1 . The 3 processes are expressed as,
where ββ, CC, and SB denote the double beta decay, the solar-ν CC interaction, and the single beta decay processes, respectively. The Q values for each are given as Q ββ , Q ν , and Q β respectively, as shown in Fig. 1 . The potential background from CC at the Q ββ is much smaller than that from SB, and hence we only discuss the SB case. A. Q ββ , Q β , Q ν , and Q e are the Q values for ββ, β, ν CC and electron capture (EC), respectively. Right: Solar-ν capture rates in units of SNU for current ββ nuclei are plotted against the neutrino CC Q ν value for the lowest 1 + state. S t is the total capture rate. Group A nuclei have a large S t . Group B nuclei have a small S t .
We consider ββ detectors where the sum energy of the β and γ rays is measured. The ββ(0ν) signature is a peak within the region of interest (ROI) at the ββ Q value (E = Q ββ ). In contrast, the sum of the electron energy (E e ) and any successive γ ray energy (E γ ) is a continuum spectrum for both the CC and SB processes. The total observed energy from the CC and SB processes can exceed Q ββ resulting in a background that populates the ββ(0ν) region of interest. The backgrounds of interest are estimated by their yields within the ROI and therefore are sensitive to the detector's energy resolution. The energy width of the ROI is given by the FWHM resolution (∆E) at the energy of the Q value. This ratio, defined as δ, is the fractional energy resolution at E = Q ββ . Certainly the kinematics and event topologies for the backgrounds discussed here may permit experimental techniques for rejection that go beyond just a sum energy cut. We cannot anticipate all possible rejection techniques, but instead estimate rates so that future efforts may better assess these backgrounds for a given experimental configuration.
The solar-ν capture rates for individual neutrino sources are evaluated by using the neutrino responses (B(GT ), B(F)) given by recent charge exchange reactions and the neutrino fluxes from BP05(OP) [14] . We used the charge-exchange-measurement data for 76 Ge [15] [20] to obtain the B(GT ) k and B(F) for the IAS for the indicated isotopes. The calculations were done as in Ref. [5, 6] including the treatment of ν oscillations. The ββ, solar-ν interaction, and single β Q values and the solar-ν capture rates are shown Table 2 . 
Discussion
Total solar-ν capture rates S t for Group A and B nuclei are plotted against the neutrino CC Q ν value in Fig. 1 . The Group A nuclei of 82 Se, 100 Mo and 150 Nd with small negative Q ν values around -170 keV, have large solar-ν capture rates because they are strongly excited by the pp neutrinos. On the other hand Group B nuclei of 76 Ge, 130 Te and 136 Xe have rather small solar-ν CC rates because the threshold energy (-Q ν ) is large enough that the pp neutrinos can not excite them. The pp neutrino contributions to the total capture rates for the Group A nuclei are around 60% of the total, while the 7 Be and 8 B neutrino capture rate are around 30% and 3%, respectively.
The probability that an event falls within the peak region for ββ(0ν)( S B ) is evaluated as a function of δ for simple calorimetric detectors. The background rates are approximately proportional to the resolution, i.e. the width of the ROI. B S B for a fractional resolution of δ = 0.02 are given in Table 2. 76 Ge has a low CC rate due to the high Q ν . The intermediate nucleus, 76 As has a 1-day half-life making a tag by delayed coincidence difficult for the CC interaction, and about half of the decay is pure β decay permitting multiply energy site (MSE) deposit cuts only useful in about half the decays. Hence one relies on the low rate and good energy resolution of Ge detectors to mitigate this background. 82 136 Xe has a fairly low CC rate, but 136 Cs has a 13 d half-life making a CC tag difficult. The decay is always to an excited state permitting a good MSE cut. 150 Nd has a high CC rate and 150 Pm has a 3 h half-life making a CC tag difficult. Most of the decay is to an excited state leading to a good MSE cut. These issues are summarized in Table 3 . We note that the measurement of individual β-ray tracks would help separate ββ signals from SB background, but building such detectors with a ton-scale quantity of isotope will be a challenge. 
